Pulses are important food crops in India which are often neglected in cropping systems because of lower yield and fluctuating prices. However, pulses have a unique ability to fix atmospheric nitrogen which enhances soil fertility and reduces the need to use synthetic nitrogenous fertilizers. This study has quantified the positive externalities of nitrogen fixation by pulses and its positive impact on farmers' expenses, government subsidies on fertilizers and environment because of reduced production and use of synthetic urea. It has also quantified the amount of monetary support that is needed to bring socially optimal area under pulses. International agencies concerned with environment and climate change should encourage pulse farming as a sustainable way of reducing the emission of global warming gases without affecting farm productivity. Since, pulses are majorly grown by small and marginal farmers under rainfed conditions, any support given to pulses fulfills the equity dimensions of social welfare.
Introduction
Pulses are important source of protein in India but are grown on marginal lands, mostly under rainfed conditions. Farmers give lesser importance to pulse crops because of lower yields and fluctuating prices. Besides, since farmers are not assured of remunerative prices, they shift to other profitable crops or to those crops which have assured procurement. As a result, pulses are often neglected in crop planning. But the inclusion of pulses in farming system brings many benefits. Pulses play an important role in maintaining soil health. They have unique ability to fix atmospheric nitrogen which enhances soil fertility. Besides this, pulses are found to improve soil fertility through physical (such as lowering soil pH) and biological (such as higher beneficial microbial biomass) properties. Studies have also reported improvements in availability of nutrients such as P, K, S, Zn and B in soil because of inclusion of pulses (Singh et al., 2009) . Pulses also contribute to soil organic matter in the form of leaf litter. While providing these benefits, the requirement for external inputs by pulses is less. Some of the studies have indicated that pulses use half the non-renewable energy inputs compared to other crops (Zentner et al., 2004) .
Pulses offer significant health benefits to consumers. Being a cheap source of protein, pulses have particular significance in a predominantly vegetarian country like India. Pulses also play a significant role in reducing malnutrition and enhancing nutritional security. Pulses have low Glycemic Index with fewer calories and more fibres. All these (Mekonnen and Hoekstra, 2010) . Moreover, pulses also have lower carbon footprint than other crops (Gan et al., 2011) .
Externalities of Pulses Farming
Any action of one economic agent which affects another but is not reflected in market price, leads to a situation which is called an externality. Externality can be either positive (apiculture leading higher pollination in adjacent fields) or negative (pollution affecting quality of life). In case of pulses, cultivation of a pulse crop is a case of positive externality. If a farmer includes pulses in cropping plan and reduces the application of nitrogenous fertilizers in the subsequent crop grown on the same piece of land, he unintendedly helps in saving of government subsidy to be provided for nitrogenous fertilizers. In addition, there is a proportionate reduction in potential environmental damage that might have been caused because of production and use of such synthetic fertilizers. Hence, in this case, Marginal Net Social Benefit (MNSB) from pulses farming is higher than Marginal Net Private Benefit (MNPB) for a farmer as shown in Figure 1 . But, a farmer undertakes pulses farming only on the area OQ rather than OQ* (Figure 1 ) (socially optimum level) because of either lack of awareness or additional support for his environmental services. This results in a welfare loss (benefits forgone because of underproduction) to the entire society ( ABC). One way of bringing socially optimal level of area under pulse crops and thereby reducing this welfare loss is through providing an additional support to the farmers (PP * ) over the market price (OP).
With this background, this study focusses on quantification of positive externalities that can be derived from pulse farming in the form of nitrogen fixation and its positive impact on farmers' expenses, government spending on subsidizing urea price and environment because of reduced production and use of synthetic urea. This study also attempts to arrive at the monetary support that is needed to bring socially optimal level of area under pulses.
Data and Methodology

Nitrogen Fixation
Based on previous studies (Subbarao, 1988; Lee and Wani, 1989; Ali, 1984-87) , two commonly reported levels of nitrogen fixation by pulses (40 kg fertilizer Using the estimates given in this study, externalities can be worked out for other levels of nitrogen fixation.
Fertilizer Subsidy
Urea being the major nitrogenous fertilizer used in India, has been considered to be the source of synthetic form of nitrogen. Also, the government provides a huge subsidy on urea price to make its availability to farmers at affordable price. To quantify the benefits to farmers, retail price of urea has been used and to measure the saving in subsidies, weighted average (based on the share of domestic production and imports in total usage) of subsidies provided for imported and domestic urea has been considered. The data on usage of urea-use and area, production and productivity of pulses in India have been compiled from the publications of Department of Fertilizers and Ministry of Agriculture, Government of India.
Environmental Benefits
For evaluating the potential environmental benefits by reduced usage and production of synthetic nitrogenous fertilizers, estimates provided by Blottnitz et al. (2006) have been used after conversion to Indian Rupees in 2013-14 prices.
Results and Discussion
Production and Price Scenario
India is the largest producer, consumer and importer of pulses in the world. The major pulses grown in India include chickpea (bengalgram/gram), pigeonpea (redgram/arhar/tur), greengram (moong), blackgram (urad) and lentils (masoor). The area, production and yield of pulses over time are presented in Figure 2 . Though area and production of pulses have shown a positive trend after 2000, India still needs around 3-4 Mt of pulses to meet their domestic demand. The yield levels in India were around 781 kg/ha for pulses, which were lower than the world average of 904 kg/ha in 2012-13. The area under irrigation has also been less in pulses (14.8 % in 2010-11) than under cereals (56.2 %) and total foodgrains (47.8%).
The cost of production, cost of cultivation, MSP and ruling market prices for major pulses grown in India are presented in Table 1 . The minimum support prices were higher for kharif pulses, viz. greengram (` 4,600/q), pigeonpea and blackgram (` 4350/q each) while these were ` 3,175/q for chickpea and ` 3,075/ q for lentil. Though the average market prices during November 2014 were higher than MSP, the range of market prices revealed that there were many instances when the market prices ruled even below the MSP. This shows that without a strong procurement system, the purpose of MSP gets defeated and farmers are forced to sell their produce in the market at prices lower than MSP or even below the cost of production.
Reduced Fertilizer Costs for Farmers
For agriculture, biological nitrogen (N 2 ) fixation is a vital natural process (Herridge et al., 2008) . Pulses have a unique characteristic of fixing atmospheric nitrogen which reduces the need for nitrogen-based fertilizers. Consequently, there will be proportionate savings in cost incurred on nitrogen fertilizers to the tune of ` 466 to ` 699 per kg of N per hectare ( Table  2 ). The amount of savings in fertilizers is substantial considering the fact that it excludes other costs associated with transportation and application. The problems of gaseous loss, runoff loss and leaching also arise on application of synthetic fertilizers and these reduce the amount of effective N added to soil from urea below 46 per cent. Other costs such as on transporting urea and labour-use for application of urea in the field do not arise in case biological nitrogen fixation. All these features indicate that biological nitrogen has the potential to substitute the application of urea in terms of both cost and effectiveness.
Reduction in Government Subsidy on Nitrogen Fertilizers
India being not self-sufficient in production of fertilizers, imports around 80 lakh tonnes of urea along with the domestic production of 226 lakh tonnes to meet the farmers' needs (Table 3 ). The per hectare Nuse was 84.54 kg with 33.44 kg of P 2 O 5 and 10.36 kg of K 2 O amounting to 128.34 kg of total NPK-use (2012-13) . India adopted Nutrient Based Subsidy (NBS) Policy on decontrolled phosphatic (P) and potassic (K) fertilizers with effect from 1 April, 2010 to promote balanced fertilization and to improve agricultural productivity. While all other fertilizers are under NBS, urea is still under statutory control. The price of urea at present is ` 5360/tonne (exclusive of taxes). The difference between the delivered cost of fertilizers at farm gate and the price payable by the farmer is reimbursed by the Government of India to the fertilizer manufacturers as subsidy. There has been increase in urea subsidy during the past three years while the subsidy on phosphatic and potassic fertilizers has come down since the inception of NBS scheme during 2010 (Figure 3 ).
India imports a substantial quantity of urea and imported 7 Mt of urea (25 % of total requirement) in 2013-14 along with production of around 22.72 Mt of urea domestically. While importing urea, the central government not only spends its scarce foreign exchange, but also the amount spent in the form of subsidy on imported urea is higher. While the subsidy given for indigenously produced urea was ` 12/kg (2 5/kg N), it was ` 22/kg (` 47/kg N) for imported urea during 2013-14. Figure 4 shows the rate of subsidy provided by the central government during the past five years. The weighted average of subsidy provided by the central government based on the relative share of domestic production and imports were calculated. The results showed that central government spent 30.53/kg of N as subsidy during 2013-14.
By considering ` 30.53/kg N (US$ 0.49/kg N) as subsidy, the biological nitrogen fixation of 40 kg N in soil by pulses means a saving in subsidy for the government to the tune of ` 1230/ha (US$ 20/ha) and for 60 kg N, this amounts to a savings of ` 1840/ha (US$ 30/ha). 
Environment Damage due to Use of Synthetic Nitrogen Fertilizers and Potential Damage Reduction through Biological Nitrogen Fixation
Biological nitrogen fixation helps in saving the cost on fertilizers for farmers and on subsidies for government. It also helps in minimizing the possible damages to environment during production and use of synthetic nitrogen fertilizers. The potential damages can be in the form of emission of greenhouse gases and air pollutants which affect health and contribute to eutrophication of ecosystems. The production and use of synthetic nitrogen fertilizers also lead to emission of N 2 O (nitrous oxide), which is a major ozone layerdepleting gas (Ravishankara et al., 2009) and food production (60% of total anthropogenic emissions) is the largest anthropogenic source of nitrous oxide (N 2 O) (Syakila and Kroeze, 2011) .
In rice-wheat system, from a typical farm field, 0.38 per cent of applied N turns into N 2 O (Pathak et al., 2002) . However, N 2 O emissions from biological nitrogen fixation process are much low and are not significant as compared to from other sources (Rochette and Janzen, 2005) . Based on these results, Intergovernmental Panel on Climate Change (IPCC, 2006) removed biological nitrogen fixation as a direct source of N 2 O emission. This shows that biological nitrogen fixation can substitute the synthetic nitrogenous fertilizers without causing damages to environment. Table 4 shows the estimate of damages to environment that can be saved because of inclusion of pulses in cropping systems. On an average, pulses reduce the environmental damages in terms of emission of greenhouse gases and health effect to the tune of 1137/ha to ` 1705/ha (US$ 18-28/ha).
The estimates of potential benefits from pulses cultivation have been presented in partial budgeting framework in Table 5 . To get the realistic representation, pulses growing has been compared with other crop with the assumption of no added cost and reduced return instead of comparing with the land left fallow. Assuming a conservative expenditure on transportation and urea-application in field and 10 per cent application losses, farmers can save ` 613-866/ ha with inclusion of pulses in the farming system. Further, it would reduce the burden of government subsidy by ` 1,221-1,832/ha. After accounting for the reduction in potential damage to environment, the total positive externality of pulses farming was estimated to be ` 2,971 to ` 4,403/ha (US$ 48-71/ha).
The estimates obtained in the study have been graphically represented under the framework of positive externality in Figure 4 . The present level of area under pulses is OQ with market price being OP 1 . When farmers are aware of potential benefits, the benefits that they derive increase from OP 1 to OP 2 (an increase by ` 613-816/ha). This brings additional area ) can be achieved and thereby welfare loss can be reduced to zero. Awareness and support not only bring about additional area but also encourage the farmers to adopt improved farming practices in pulses.
Conclusions and Policy Implications
The study has demonstrated the potential benefits that the farmers can get by inclusion of pulses in their cropping system. The awareness generation regarding nitrogen fixation by pulses can convince the farmers to reduce the usage of nitrogenous fertilizers, which in turn would reduce the burden of subsides on government. To attain socially optimal level of pulses farming, the pulse growers should be provided additional support for their services to environment. Encouragement could be provided in the form of equivalent subsidy on phosphorus fertilizers as application of phosphorus fertilizers in pulses increases nodulation and nitrogen fixation (Shukla and Yadav, 1982) . Further, subsidizing phosphorus fertilizer can also help in reducing the imbalance in N:P:K-usage in India (Ideal NPK ratio is 4:2:1 and it was 7.9 : 3.1 : 1 in India in . This can help in reducing greenhouse gas emission and preventing other environmental issues associated with synthetic fertilizers like health, eutrophication and pollution. Therefore, international agencies concerned with environment and climate change should encourage pulse farming as a sustainable way of reducing the emission of global warming gases without affecting farm productivity. Since, pulses are majorly grown by small and marginal farmers under rainfed conditions, any support given to pulses fulfills the equity dimensions of social welfare.
